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BIHARMONIC HYPERSURFACES IN SPACE FORMS WITH
THREE DISTINCT PRINCIPAL CURVATURES
RAM SHANKAR GUPTA
Abstract. In this paper, we have studied biharmonic hypersurfaces in space
form M
n+1
(c) with constant sectional curvature c. We have obtained that bi-
harmonic hypersurfaces Mn with at most three distinct principal curvatures in
M
n+1
(c) has constant mean curvature. We also obtain the full classification of
biharmonic hypersurfaces with at most three distinct principal curvatures in ar-
bitrary dimension space form M
n+1
(c).
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1. Introduction
The longstanding well known Chen’s conjecture on biharmonic submanifolds states
that a biharmonic submanifold in a Euclidean space is a minimal one [2]. In par-
ticular, Chen proved that there exist no proper biharmonic surfaces in Euclidean
3-spaces. There are many non-existence results in Euclidean spaces developed by
I. Dimitric in [9, 10]. Later, the Chen’s conjecture was verified and found true for
submanifolds of some Euclidean spaces (see [7, 12, 13, 14]).
In contrast to the submanifolds of Euclidean spaces, Chen’s conjecture is not al-
ways true for the submanifolds of the pseudo-Euclidean spaces (see [3∼6]). However,
for hypersurfaces in pseudo-Euclidean spaces, Chen’s conjecture is also right (see [1,
8]).
For biharmonic hypersurfaces with at most two distinct principal curvatures the
property of having constant mean curvature was proved in [15] for any space form.
This property proved to be the main ingredient for the following complete clas-
sification of proper biharmonic hypersurfaces with at most two distinct principal
curvatures in the Euclidean sphere.
Theorem 1.1 ([15]): Let Mm be a proper biharmonic hypersurface with at most
two distinct principal curvatures in Sm+1. Then M is an open part of Sm( 1√
2
) or of
S
m1( 1√
2
)× Sm2( 1√
2
), m1 +m2 = m, m1 6= m2.
Proposition 1.2 ([15]): Let Mm be a proper biharmonic hypersurface with con-
stant mean curvature H in Sm+1. Then M has constant scalar curvature,
s = m2(1 + k)− 2m,
where H2 = k.
For biharmonic hypersurfaces in 4-dimensional space form the property of having
constant mean curvature was proved in [19] and the following classification result
was obtained
Theorem 1.3([19]): There exist no compact proper biharmonic hypersurfaces of
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constant mean curvature and with three distinct principal curvatures in the unit
Euclidean sphere.
Theorem 1.4([19]): The only compact proper biharmonic hypersurfaces of S4 are
the hypersphere S3( 1√
2
) and the torus S1( 1√
2
)× S2( 1√
2
).
In view of above development, we study the biharmonic hypersurfaces in M
n+1
(c)
with at most three distinct principal curvatures.
2. Preliminaries
Let (Mn, g) be a hypersurface isometrically immersed in a (n + 1)-dimensional
space forms (M
n+1
(c), g) with constant sectional curvature c and g = g|M .
Let ∇ and ∇ denote linear connections on M
n+1
(c) and Mn, respectively. Then,
the Gauss and Weingarten formulae are given by
(2.1) ∇XY = ∇XY + h(X, Y ), ∀ X, Y ∈ Γ(TM),
(2.2) ∇Xξ = −AξX,
where ξ be the unit normal vector to M , h is the second fundamental form and A is
the shape operator. It is well known that the second fundamental form h and shape
operator A are related by
(2.3) g(h(X, Y ), ξ) = g(AξX, Y ).
The mean curvature vector is given by
(2.4) H =
1
n
traceA.
The Gauss and Codazzi equations are given by
(2.5) R(X, Y )Z = c(g(Y, Z)X − g(X,Z)Y ) + g(AY, Z)AX − g(AX,Z)AY,
(2.6) (∇XA)Y = (∇YA)X,
respectively, where R is the curvature tensor and
(2.7) (∇XA)Y = ∇XAY − A(∇XY )
for all X, Y, Z ∈ Γ(TM).
A biharmonic submanifold in a space formM(c) is called proper biharmonic if it is
not minimal. The necessary and sufficient conditions forM to be proper biharmonic
in M
n+1
(c) [3, 17] is
(2.8) △H −H(nc− traceA2) = 0,
(2.9) 2AgradH + nHgradH = 0,
where H denotes the mean curvature. Also the Laplace operator △ of a scalar
valued function f is given by [4]
(2.10) △f = −
4∑
i=1
(eieif −∇eieif),
where {e1, e2..., en} is an orthonormal local tangent frame on M
n.
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We recall that a hypersurface Mn in Sn+1 is said to be isoparametric of type l
if it has constant principal curvatures k1 > ... > kl with respective constant mul-
tiplicities n1, ..., nl, n = n1 + n2 + ... + nl. It is known that the number l is
either 1, 2, 3, 4 or 6. For l ≤ 3, we have the following classification of compact
isoparametric hypersurfaces. If l = 1, then M is totally umbilical. If l = 2, then
M = Sn1(r1) × S
n2(r2), r
2
1 + r
2
2 = 1 (see [18]). If l = 3, then n1 = n2 = n3 =
2q, q = 0, 1, 2, 3 (see [16]).
Moreover, there exists an angle θ, 0 < θ < pi
l
, such that
(2.11) kα = cot(θ +
(α− 1)pi
l
, α = 1, ..., l.
In the next section, we shall need the following result:
Theorem 2.1 ([11]): A compact hypersurface Mm of constant scalar curvature s
and constant mean curvature H in Sm+1 is isoparametric provided it has 3 distinct
principal curvatures everywhere.
3. Biharmonic hypersurfaces with three distinct principal curvatures
In this section, we study biharmonic hypersurfaces M in space form M
n+1
(c).
We assume that H is not constant. The hypothesis for M to be proper biharmonic
with three distinct principal curvatures in space form M
n+1
(c) and non-constant
mean curvature, implies the existence of an open connected subset U ofM , with
gradpH 6= 0 for all p ∈ U . We shall contradict the condition gradpH 6= 0, ∀p ∈ U .
From (2.9), it is easy to see that gradH is an eigenvector of the shape operator A
with the corresponding principal curvature −nH
2
. We choose e1 in the direction of
gradH and therefore shape operator A of hypersurfaces will take the following form
with respect to a suitable frame {e1, e2, ..., en−1, en}
(3.1) AH =


−nH
2
λ2
..
..
λn−1
λn


.
The gradH can be expressed as
(3.2) gradH =
n∑
i=1
ei(H)ei.
As we have taken e1 parallel to gradH , consequently
(3.3) e1(H) 6= 0, e2(H) = 0, e3(H) = 0, ..., en−1(H) = 0, en(H) = 0.
We express
(3.4) ∇eiej =
n∑
k=1
ωkijek, i, j = 1, 2, ..., n.
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Using (3.4) and the compatibility conditions (∇ekg)(ei, ei) = 0 and (∇ekg)(ei, ej) =
0, we obtain
(3.5) ωiki = 0, ω
j
ki + ω
i
kj = 0,
for i 6= j, and i, j, k = 1, 2, ..., n.
Taking X = ei, Y = ej in (2.7) and using (3.1), (3.4), we get
(∇eiA)ej = ei(λj)ej +
∑n
k=1 ω
k
ijek(λj − λk).
Putting the value of (∇eiA)ej in (2.6), we find
ei(λj)ej +
∑n
k=1 ω
k
ijek(λj − λk) = ej(λi)ei +
∑n
k=1 ω
k
jiek(λi − λk),
whereby for i 6= j = k and i 6= j 6= k, we obtain
(3.6) ei(λj) = (λi − λj)ω
j
ji,
(3.7) (λi − λj)ω
j
ki = (λk − λj)ω
j
ik,
respectively, for distinct i, j, k = 1, 2, ..., n.
Since λ1 =
−nH
2
, from (3.3), we get
(3.8) e1(λ1) 6= 0, e2(λ1) = 0, e3(λ1) = 0, ..., en−1(λ1) = 0, en(λ1) = 0.
Using (3.8), we have
[ei, ej](λ1) = 0, i, j = 2, ..., n,
whereby using (3.4), we find
(3.9) ω1ij = ω
1
ji,
for i 6= j and i, j = 2, ..., n.
Now we show that λj 6= λ1, j = 2, 3, ..., n. In fact, if λj = λ1 for j 6= 1, from (3.6),
we find
(3.10) e1(λj) = (λ1 − λj)ω
j
j1 = 0,
which contradicts the first expression of (3.8).
Since Mn has three distinct principal curvatures, we can assume that λ2 = λ3 =
... = λn−1 = λ 6= λn. From (2.4), we obtain that
(3.11) λn =
3nH
2
− (n− 2)λ, λ 6=
−nH
2
,
2nH
n− 2
,
3nH
2(n− 1)
.
Putting i, j = 2, 3, ..., n− 1, and i 6= j in (3.6), we get
(3.12) ej(λ) = 0, for j = 2, 3, ..., n− 1.
Putting i 6= 1, j = 1 in (3.6) and using (3.8) and (3.5), we find
(3.13) ω11i = 0, i = 1, 2, 3, ..., n.
Putting i = 2, 3, ..., n− 1, j = n in (3.6) and using (3.12), we obtain
(3.14) ωnni = 0, i = 2, 3, ..., n− 1.
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Putting i = 1, j = 2, 3, ..., n− 1, n, in (3.6), we have
(3.15) ωnn1 =
e1(3nH − 2(n− 2)λ)
−4nH + 2(n− 2)λ
, ω
j
j1 = −
2e1(λ)
nH + 2λ
, j = 2, 3, ..., n− 1.
Putting i = n, j = 2, 3, ..., n− 1, in (3.6), we find
(3.16) ωjjn =
2en(λ)
3nH − 2(n− 1)λ
, j = 2, 3, ..., n− 1.
Putting i = 1, j 6= k, and j, k = 2, 3, ..., n− 1, in (3.7), we obtain
(3.17) ωjk1 = 0, j 6= k, and j, k = 2, 3, ..., n− 1.
Putting i = n, j 6= k, and j, k = 2, 3, ..., n− 1, in (3.7), we have
(3.18) ωjkn = 0, j 6= k, and j, k = 2, 3, ..., n− 1.
Putting i = n, j = 1, and k = 2, 3, ..., n− 1, in (3.7), and using (3.9) we get
(3.19) ω1kn = ω
1
nk = 0, k = 2, 3, ..., n− 1.
Putting i = 1, j = n, and k = 2, 3, ..., n− 1, in (3.7), and using (3.9) we find
(3.20) ωn1k = ω
n
k1 = 0, k = 2, 3, ..., n− 1.
Now, we have the following:
Lemma 3.1. Let Mn be an n-dimensional biharmonic hypersurface with three dis-
tinct principal curvatures and non-constant mean curvature in space forms M
n+1
(c)
, having the shape operator given by (3.1) with respect to suitable orthonormal frame
{e1, e2, ..., en−1, en}. Then, we obtain
(3.21) ∇e1e1 = 0, ∇eie1 = −αei, i = 2, 3, ..., n− 1, ∇ene1 = βen,
(3.22) ∇eiei = αe1 +
n−1∑
i 6=j,j=2
ω
j
iiej −
2en(λ)
3nH − 2(n− 1)λ
en, i = 2, 3, ..., n− 1,
(3.23) ∇eiej =
n−2∑
i 6=j,k=2
ωkijek, i, j = 2, 3, ..., n− 1,
(3.24) ∇e1en = 0, ∇enen = −βe1, ∇eien =
2en(λ)
3nH − 2(n− 1)λ
ei, i = 2, 3, ..., n− 1,
where ωkij satisfies (3.5) for i, j, k = 1, 2, 3, ..., n−1, n, and α =
2e1(λ)
nH+2λ
, β = e1(3nH−2(n−2)λ)−4nH+2(n−2)λ .
Using Lemma 3.1, Gauss equation and comparing the coefficients with respect to
a orthonormal frame {e1, e2, ..., en−1, en}, we find the following:
•X = e1, Y = e2, Z = e1,
(3.25) e1(α) = α
2 + c−
nHλ
2
.
•X = e1, Y = e2, Z = en,
(3.26) e1(
2en(λ)
3nH − 2(n− 1)λ
)− α
2en(λ)
3nH − 2(n− 1)λ
= 0.
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•X = e1, Y = en, Z = e1,
(3.27) e1(β) = −β
2 − c+
nH
2
(
3nH
2
− (n− 2)λ).
•X = e3, Y = en, Z = e1,
(3.28) en(α) +
2en(λ)
3nH − 2(n− 1)λ
(α + β) = 0.
•X = en, Y = e2, Z = en,
(3.29) en(
2en(λ)
3nH − 2(n− 1)λ
)−αβ−(
2en(λ)
3nH − 2(n− 1)λ
)2 = −c−λ(
3nH
2
−(n−2)λ).
Using (2.8), (2.10), (3.1) and Lemma 3.1, we find
(3.30)
−e1e1(H)+[(n− 2)α− β] e1(H)+H
[
n2H2
4
+ (n− 2)λ2 + (
3nH
2
− (n− 2)λ)2
]
−ncH = 0.
From (3.3) and Lemma 3.1, we obtain
(3.31) eie1(H) = 0, i = 2, 3, ..., n− 1, n.
Differentiating α = 2e1(λ)
nH+2λ
, β = e1(3nH−2(n−2)λ)−4nH+2(n−2)λ along en, we get equations
(nH + 2λ)en(α) + 2αen(λ) = 2ene1(λ),
(−4nH + 2(n− 2)λ)en(β) = −2(n− 2)ene1(λ)− 2(n− 2)βen(λ)
respectively and eliminating ene1(λ), we have
(−4nH + 2(n− 2)λ)en(β) = −(n− 2)(nH + 2λ)en(α)− 2(n− 2)(α+ β)en(λ).
Putting the value of en(α) from (3.28) in the above equation, we find
en(β) =
4en(λ)n(n−2)(α+β)(λ−H)
(−4nH+2(n−2)λ)(3nH−(2n−2)λ) .
Differentiating (3.30) along en and using (3.31), (3.28) and en(β), we get
(3.32) en(λ)
[
4(α+ β)e1(H)
−4nH + 2(n− 2)λ
+H((2n− 2)λ− 3nH)
]
= 0.
We claim that en(λ) = 0. Indeed, if en(λ) 6= 0, then
(3.33)
4(α + β)e1(H)
−4nH + 2(n− 2)λ
+H((2n− 2)λ− 3nH) = 0.
Now, differentiating (3.33) along en, we have
(3.34)
8(α+ β)(nH(14− 5n) + 4(n− 2)(n− 1)λ)e1(H)
(−4nH + 2(n− 2)λ)2(3nH
2
− (n− 2)λ)
+H((2n− 2) = 0.
Eliminating e1(H) from (3.33) and (3.34), we obtain
2(n− 1)λ− 3nH = 0
which is not possible since λ 6= 3nH
2(n−1) , consequently, en(λ) = 0. Therefore, (3.29)
reduces to
(3.35) αβ = c+ λ(
3nH
2
− (n− 2)λ).
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Now, eliminating e1e1(H) and e1e1(λ), using (3.35), (3.30), (3.27) and (3.25), we
obtain
(3.36)
[(10n−2n2)α−4nβ]e1(H) =
21n3H3
2
+6(n3−2n2)Hλ2+(−15n3+18n2)H2λ−6(n2+n)cH.
Differentiating (3.36) along e1 and using (3.35), (3.30), (3.27), (3.25) and (3.36), we
get
(3.37)
[(13n3 + 11n
2
2
)H3 + (4n3 − 14n2 + 2n+ 20)Hλ2 + (−15n3 + 18n2 + 24n)H2λ + cH(2n3
−16n2 − 6n)]α + [−31n2H3 + (−16n2 + 36n− 8)Hλ2 + (42n2 − 60n)H2λ
+cH(10n2 + 6n)]β = e1(H)[
69n2H2
2
+ (24n− 30n2)Hλ+ (6n+ 4n2 − 28)λ2 − c(4n2 + 20n)].
Also, we have
(3.38) 3ne1(H) = α(n− 2)(nH + 2λ) + β(−4nH + 2(n− 2)λ)
Combining (3.37) and (3.38), we obtain
(3.39)
[(9n3 + 171n2)H3 + (16n3 + 40n2 − 244n− 200)Hλ2 + (−30n3 − 198n2 − 516n)H2λ
−(16n2 − 8n− 160 + 224
n
)λ3 + cH(20n3 − 72n2 − 116n) + cλ(16n2 + 48n− 160)]α
+[90n2H3 + (56n2 − 72n− 80)Hλ2 + (−126n2 + 108n)H2λ− (16n2 − 8n− 160 + 224
n
)λ3
+cH(28n2 − 124n) + cλ(16n2 + 48n− 160)]β = 0.
For simplicity, we denote by
p1 = (9n
3 + 171n2)H3 + (16n3 + 40n2 − 244n− 200)Hλ2 + (−30n3 − 198n2 −
516n)H2λ−(16n2−8n−160+ 224
n
)λ3+cH(20n3−72n2−116n)+cλ(16n2+48n−160)
p2 = 90n
2H3 + (56n2 − 72n− 80)Hλ2 + (−126n2 + 108n)H2λ− (16n2− 8n− 160 +
224
n
)λ3 + cH(28n2 − 124n) + cλ(16n2 + 48n− 160).
Therefore, (3.39) can be rewritten as
(3.40) αp1 + βp2 = 0.
On the other hand, combining (3.38) with (3.36) and using (3.35), we find
(3.41) α2(n− 2)(10− 2n)(nH + 2λ)− 4β2(−4nH + 2(n− 2)λ) = L,
where L is given by
L = 63n
3H3
2
+ (28n3 − 106n2 + 100n)Hλ2 + (102n2 − 51n3)H2λ− (4n3 − 28n2 +
64n− 48)λ3 + cH(14n− 22n2) + cλ(4n2 − 20n+ 24).
Using (3.40) and (3.35), we get
α2 = −p2
p1
(c+ λ(3nH
2
− (n− 2)λ)), β2 = −p1
p2
(c+ λ(3nH
2
− (n− 2)λ))
Eliminating α2 and β2 from (3.41), we obtain
(3.42)
(c+
3nHλ
2
−(n−2)λ2)[(14n−2n2−20)(nH+2λ)p22−4p
2
1(−4nH+2(n−2)λ)] = Lp1p2,
which is a polynomial equation of degree 9 in terms of λ and H .
Now consider an integral curve of e1 passing through p = γ(t0) as γ(t), t ∈ I.
Since ei(H) = ei(λ) = 0 for i = 2, ..., n and e1(H), e1(λ) 6= 0, we can assume t = t(λ)
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and H = H(λ) in some neighborhood of λ0 = λ(t0). Using (3.38) and (3.40), we
have
(3.43)
dH
dλ
= dH
dt
dt
dλ
= e1(H)
e1(λ)
= 2(α(n−2)(nH+2λ)+β(−4nH+2(n−2)λ))
3nα(nH+2λ)
= 2(n−2)
3n
+ p1(4nH−2(n−2)λ))
3n(nH+2λ)p2
Differentiating (3.42) with respect to λ and substituting dH
dλ
from (3.43), we get
(3.44) f(H, λ) = 0,
another algebraic equation of degree 12 in terms of H and λ. We rewrite (3.42) and
(3.44) respectively in the following forms
(3.45)
∑9
i=0 fi(H)λ
i = 0,
∑12
j=0 gj(H)λ
j = 0,
where fi(H) and gj(H) are polynomial functions of H . We eliminate λ
12 between
these two polynomials of (3.45) by multiplying g12λ
3 and f8 respectively on the first
and second equations of (3.45), we obtain a new polynomial equation in λ of degree
11. Combining this equation with the first equation of (3.45), we successively obtain
a polynomial equation in λ of degree 10. In a similar way, by using the first equation
of (3.45) and its consequences we are able to gradually eliminate λ. At last, we
obtain a non-trivial algebraic polynomial equation in H with constant coefficients.
Therefore, we conclude that the real function H must be a constant and we conclude:
Theorem 3.2. Every biharmonic hypersurface M in the space forms M
n+1
(c) with
three distinct principal curvatures must be of constant mean curvature.
Combining Theorem 3.2 with Theorem 4.1 [15], we obtain that
Theorem 3.3. Every biharmonic hypersurface M in the space forms M
n+1
(c) with
at most three distinct principal curvatures must be of constant mean curvature.
Theorem 3.4. There exist no proper biharmonic hypersurfaces M with at most
three distinct principal curvatures in Hn+1 or Rn+1.
Proof: Suppose that Mn is a proper biharmonic hypersurface in Hn+1 or Rn+1
with at most three distinct principal curvatures. From Theorem 3.3, we have that
mean curvature of Mn is constant. From (2.8), we get that traceA2 = −n or
traceA2 = 0, which is not possible and proof of the theorem is complete.
Theorem 3.5. The only compact proper biharmonic hypersurfaces with at most
three distinct principal curvatures of Sn+1(1) are the hypersphere Sn( 1√
2
) and the
torus Sn1( 1√
2
)× Sn2( 1√
2
) where n1 + n2 = n, n1 6= n2.
Proof: Suppose thatMn is a compact proper biharmonic hypersurface of Sn+1(1)
with three distinct principal curvatures. From Theorem 3.2, we get that Mn has
constant mean curvature and, since it satisfies the hypotheses of Proposition 1.2, we
conclude that it also has constant scalar curvature. We can thus apply Theorem 2.1
and it results that Mn is isoparametric in Sn+1(1). From Theorem 1.3, we get that
Mn cannot be isoparametric with l = 3, and by using Theorem 1.1 we conclude the
proof.
BIHARMONIC HYPERSURFACES IN SPACE FORMS WITH THREE DISTINCT PRINCIPAL CURVATURES9
References
[1] A. Arvanitoyeorgos, F. Defever, G. Kaimakamis, V. Papantoniou: Biharmonic
Lorentzian hypersurfaces in E41 , Pac. J. Math. Vol 229(2), 293-305 (2007).
[2] B. Y. Chen: Some open problems and conjectures on submanifolds of finite type,
Soochow J. Math. Vol 17(2), 169-188 (1991).
[3] B.Y. Chen: Total mean curvature and submanifolds of finite type, 2nd edition,
World Scientific, Hackensack, NJ, 2014.
[4] B. Y. Chen: Classification of marginally trapped Lorentzian flat surfaces in E41
and its application to biharmonic surfaces, J. Math. Anal. Appl. Vol 340, 861-
875 (2008).
[5] B. Y. Chen, S. Ishikawa: Biharmonic surfaces in pseudo-Euclidean spaces, Mem.
Fac. Sci. Kyushu Univ. A 45, 323-347 (1991).
[6] B. Y. Chen, S. Ishikawa: Biharmonic pseudo-Riemannian submanifolds in
pseudo-Euclidean spaces, Kyushu J. Math. Vol 52, 1-18 (1998).
[7] B. Y. Chen, M. I. Munteanu: Biharmonic ideal hypersurfaces in Euclidean
spaces, Differ. Geom. Appl. Vol 31, 1-16 (2013).
[8] F. Defever, G. Kaimakamis, V. Papantoniou: Biharmonic hypersurfaces of the 4-
dimensional semi-Euclidean space E4s , J. Math. Anal. Appl. 315, 276-286 (2006).
[9] I. Dimitric: Quadric representation and submanifolds of finite type, Doctoral
thesis. Michigan State University (1989).
[10] I. Dimitric: Submanifolds of Enwith harmonic mean curvature vector, Bull.
Inst. Math. Acad. Sinica. Vol 20, 53-65 (1992).
[11] S. Chang: On closed hypersurfaces of constant scalar curvatures and mean
curvatures in Sn+1, Pacific J. Math. 165 (1994), 67-76.
[12] T. Hasanis, T. Vlachos: Hypersurfaces in E4 with harmonic mean curvature
vector field, Math. Nachr. Vol 172, 145-169 (1995).
[13] Ram Shankar Gupta: On biharmonic hypersurfaces in Euclidean space of arbi-
trary dimension, Glasgow Math. J. (accepted).
[14] Yu Fu, Biharmonic hypersurfaces with three distinct principal curvatures in the
Euclidean 5-space, Journal of Geometry and Physics 75 (2014) 113-119.
[15] A. Balmus, S. Montaldo, C. Oniciuc. Classification results for biharmonic sub-
manifolds in spheres, Israel J. Math., vol. 168, no. 1, pp. 201-220, 2008.
[16] E. Cartan: Sur des familles remarquables dhypersurfaces isoparametriques dans
les espaces sphriques, Math. Z. 45 (1939), 335-367.
[17] C. Oniciuc: Biharmonic maps between Riemannian manifolds. An. Stiint, Univ.
Al.I. Cuza Iasi Mat. (N.S.) 48 (2002), 237-248.
[18] P.J. Ryan: Homogeneity and some curvature conditions for hypersurfaces, To-
hoku. Math. J. 21 (1969), 363-368.
[19] A. Balmus, S. Montaldo, C. Oniciuc: Biharmonic hypersurfaces in 4-
dimensional space forms, Math. Nachr. 283 (2010), 1696-1705.
Author’s address:
Ram Shankar Gupta
Associate Professor, Department of Mathematics, Central University of Jammu,
Sainik colony, Jammu-180011, India.
Assistant Professor, University School of Basic and Applied Sciences, Guru Gobind
Singh Indraprastha University, Sector-16C, Dwarka, New Delhi-110078, India.
Email: ramshankar.gupta@gmail.com
